1. Introduction {#sec0005}
===============

Herbs and spices are of great commercial importance. In particular, *Schinus terebinthifolius* Raddi (Anacardiaceae), a South America-native plant, widely found on the Brazilian coast and popularly known as "pimenta-rosa" or "aroeira-vermelha". This plant provides a fruit, used as a refined spice in world cuisine, due to its soft taste and good appearance ([@bib0350]; [@bib0450], [@bib0455]). Re-examination of safe medicinal natural products toward new targets is strategic.

*S. terebinthifolius* Raddi is inserted in the Brazilian Relation of Essential Medicines (RENISUS) ([@bib0100]), in which there are 71 medicinal plants that present the potential to generate products of interest to the Brazilian Unified Health System (SUS) ([@bib0175]; [@bib0490]). This species is present in the Phytotherapeutic Form of the Brazilian Pharmacopoeia (2011) ([@bib0050]). Important biological activities, such as antihypertensive and vasodilatory ([@bib0225]), antimicrobial ([@bib0160]; [@bib0450], [@bib0455]); anti-allergic ([@bib0120]), antioxidant, antiproliferative and anti-inflammatory ([@bib0450], [@bib0455]); antioxidant and protective against doxorubicin-induced cardiotoxicity ([@bib0385]) and, more recently, against multidrug-resistant strains of hospital origin ([@bib0230]) were already reported.

Zika virus (ZIKV) and dengue virus (DENV), viral infections transmitted by vectors, are threats to health and reasons for international concern, for instance, microcephaly among newborns and incidences of Guillain-Barré syndrome among adults. As such, we decided to evaluate the ability of this medicinal plant to inhibit ZIKV infection, especially in placenta.

The placenta is a unique immunological site, responsible for maternal tolerance to the fetus and for maternal and fetal defense against possible pathogens. Maternal decidual cells and several leukocytes in the basal decidua of the placenta are involved in local and systemic immunomodulation, but trophoblast cells also express different receptors from the innate immune response, which are known to bind to a plethora of pathogens, one of them the Zika virus (ZIKV) ([@bib0480]; [@bib0005]).

ZIKV belongs to the *Flaviviridae* family and was first isolated in Nigeria, in 1954. Since then, several outbreaks were reported mainly between 2007 and 2015, when it lastly hitted the Americas, causing a worrying number of newborns with brain malformations ([@bib0395]). During pregnancy, the ZIKV can be vertically transmitted, and infects the fetus, which may develop the congenital Zika syndrome, characterized by stillbirth/miscarriage, fetal growth restriction, microcephaly, ocular abnormalities, ventriculomegaly and other brain malformations ([@bib0215]).

Diverse studies using mice models were published in recent years ([@bib0310]; [@bib0010]; [@bib0045]; [@bib0110]). The animal models have successfully demonstrated that ZIKV infects the placenta and fetal brain, during early pregnancy, with human placentas' comparable histopathological findings, represented by poor pregnancy outcomes, as fetal growth restriction, abortions and fetal demise ([@bib0310]; [@bib0010]; [@bib0045]). Nevertheless, the placenta is morphologically and physiologically different between rodents and humans, and results should be carefully analysed ([@bib0125]).

Furthermore, experimental infection models using in vitro human placental explants, and bi- and tri-dimensional culture models, have also demonstrated ZIKV infection and replication in the placenta. Mainly, Hofbauer cells, mesenchymal cells, fibroblasts and cytotrophoblast cells (both villous and extravillous) are prone to be infected and act as virus reservoirs, as wells as decidual cells and decidual macrophages in the maternal compartment ([@bib0480]; [@bib0005]). As such, trophoblast cells that compose the placental barrier can be infected and, besides primary cultures, several trophoblast cell lines were also successfully proven to be infected by ZIKV, as Swan 71, JEG-3, BeWo and HTR-8/SVneo cells. As such, they provide good models to test ZIKV molecular interactions and potential interveners ([@bib0030]; [@bib0065]; [@bib0295]; [@bib0110]).

In this context, inhibiting ZIKV infection of trophoblast cells and its crossing of the placental barrier would be important to prevent ZIKV deleterious effects to the developing fetus, and several natural products have been investigated, due to their antiviral effects on viral entrance and cellular replication ([@bib0080]).

Additionally, phytochemical studies have reported the presence of phenolic compounds as the main constituents of extracts of *Schinus terebinthifolius* Raddi ([@bib0415]; [@bib0350]; [@bib0205], [@bib0210]; [@bib0230]). They exert important biological activities as antioxidant and photoprotective compounds, due to their capacity to fight against reactive oxygen and nitrogen species and through absorbing ultraviolet (UV) radiation ([@bib0410]; [@bib0025]; [@bib0470]). Ultraviolet A (320−400 nm) and B (290−320 nm) radiations are associated with a number of irreversible damages to cutaneous tissue, such as photoaging and skin cancer, while UVB radiation is related with immune dysfunction, erythema and sunburn, triggering oxidative stress and DNA damage ([@bib0015]; [@bib0235]). One of the preventive measures against these radiations is the use of sunscreens. There is a renewed interest in the incorporation of natural extracts with antioxidant properties, in a sunscreen. The reasons for that are the perspective of reducing oxidative damage induced by UV rays, increasing physical and chemical stabilities of the sunscreens, and complementing the photoprotective action ([@bib0425]; [@bib0365]), as recently demonstrated ([@bib0020]; [@bib0185]; [@bib0150]). Protective formulations prepared with the crude extract of the leaves of *S. terebinthifolius* showed absorption on the UVB photoprotection area ([@bib0105]).

Hitherto, up to our knowledge, there are no studies with the peel and fruits of *S. terebinthifolius*, as placenta protector against Zika virus infection and as sunscreen agents. Thus, the objectives of this work are to reveal new and relevant properties of the ethanolic extracts of the peel and whole fruit of *S. terebinthifolius* and to contribute insights into the development of ZIKV therapeutics and photoaging, adding potential value for this product from family farming.

2. Materials and methods {#sec0010}
========================

2.1. Materials {#sec0015}
--------------

The analytical grade compounds were purchased from Sigma-Aldrich (St. Louis, USA): DPPH (α,α-diphenyl-picrylhydrazyl radical), TPTZ (2,4,6-tripyridyl-s-triazine), Folin-Ciocalteau reagent (FC), quercetin, catechin, resveratrol, gallic, coumaric and acetic acids, DMEM/F12 culture medium, L-15 medium, Hank\'s balanced salt solution (HBSS), phosphate buffered saline (PBS) and trypsin-EDTA. Fetal bovine serum (FBS) and [l]{.smallcaps}-glutamine were purchased from Thermo Fisher Scientific (Waltham, MA, USA). Benzophenone-3 was purchased from Pharma Nostra (São Paulo, Brazil). Chloroquine was provided by Farmanguinhos (Fundação Oswaldo Cruz, Rio de Janeiro, Brazil). The Lanette base used as a vehicle for the preparation of the formulations was purchased from local merchandising pharmacy. Acetonitrile and ethanol were acquired from Merck (Germany). All the reagents were of analytical grade and the stock solutions and buffers were prepared with Milli-Q purified water.

2.2. HTR-8/SVneo cell line culture {#sec0020}
----------------------------------

The HTR-8/SVneo (ATCC® CRL-3271™) was kindly donated by Prof. Estela Bevilacqua from University of Sao Paulo (USP, São Paulo, Brazil). It is a placenta cell line derived from first trimester extravillous trophoblast cells, routinely cultured in DMEM/F12 medium supplemented with 10 % fetal bovine serum (FBS) and 2 mM [l]{.smallcaps}-glutamine and kept in humid incubator at 37 °C and 5 % CO~2~. Cells were subcultured every 5 days with 80 % confluence for HTR-8/SVneo cells and the medium is replenished every 2 days.

2.3. Ethical issues {#sec0025}
-------------------

The use of placentas was approved by the ethical committee from Federal University of Alagoas, throughout the national *Plataforma Brasil* unified system (CAEE 57828616.3.0000.5013), and with signed informed consent from all patients according to Brazilian Health Ministry guidelines.

2.4. Placenta collection and chorionic villi explants culture {#sec0030}
-------------------------------------------------------------

Placentas derived from term pregnancies (37--40 weeks of pregnancy) were obtained at the Obstetrics Service from Prof. Alberto Antunes University Hospital of the Federal University of Alagoas, Brazil (HUPAA/UFAL) by elective cesarean section. Three term placentas from healthy pregnant women were collected from women without detectable infections, hypertensive disorders, chronic diseases or other conditions. After placenta collection, fresh samples from the chorionic villi were extensively washed in 0.1 mol L^−1^ PBS and in HBSS, followed by the separation of terminal chorionic villi for explants culture in 24-well plates with DMEM/F12 supplemented medium, and kept in humid incubator at 37 °C and 5 % CO~2~, where they can be cultured until 12 days, without loosing significant viability, as described previously ([@bib0305]) and routinely used worldwide.

2.5. Sample preparation and extraction {#sec0035}
--------------------------------------

The fruit peels and whole fruits from *S. terebinthifolius* Raddi are craft trade products, furnished by familiar farmers of Aroeira Association, supervised by Eco Engenho Institute, in Maceió, Alagoas State, Northeast of Brazil, kept in aluminium bags, under vacuum. The plants were identified by Mrs. Rosângela P. L. Lemos and samples were deposited in the herbarium at the Instituto do Meio Ambiente, Alagoas State, Brazil. The crude extracts of the whole fruits (STWFE) and the fruit's peel of *S. terebinthifolius* (STPE) were prepared using ethanol, in a Soxhlet apparatus, heated for a period of 6 h. The solvent was removed in a rotary evaporator, to obtain STPE and STWFE. The extracts were stored in amber glass, under refrigeration (5 °C).

2.6. Crude extracts analysis {#sec0040}
----------------------------

### 2.6.1. Determination of total phenolic content {#sec0045}

The total phenolic contents (TPC) of the ethanolic extracts were determined using FC reagent, as described by [@bib0130] with the following modifications: aliquots (120 μL) of ethanolic solutions of dried extract (10 μg mL^−1^), were placed in test tubes, followed by the addition of 180 μL of water. Then, 300 μL of FC reagent were added to each tube. After 2 min, 2.4 mL of a 5 % (w/v) sodium carbonate solution were added. The mixture was shaken and heated, at 40 °C, in a water bath, for 20 min. The tubes were, then, rapidly cooled and the developed color analysed at 760 nm, in a MultiSpec--1501 UV--vis spectrophotometer (Shimadzu, Japan). The same procedure was performed, using 120 μL of ethanol as a blank. The concentration of phenolic compounds was estimated using a calibration curve traced with gallic acid (GA) in ethanol (1.5--13 × 10^−4^ mol L^−1^) as a polyphenol reference, in triplicate. The results are expressed as mg of GA equivalents g^−1^ of dry extract (mg GAE g^−1^ dry extract).

### 2.6.2. Radical (DPPH)^•^ scavenging activity (RAS -- DPPH^•^) {#sec0050}

The antioxidant capacities of the extracts were measured in terms of their radical scavenging ability (RSA), using the DPPH^•^ method ([@bib0400]). The solution obtained from 0.30 mL of the extract dissolved in ethanol was mixed with 2.7 mL of DPPH^•^ radical solution (40 μg mL^−1^ in methanol) to give a final concentration of sample of approximately 10 μg mL^−1^. The mixture was homogenized and stored in the dark, prior to analysis. The percentage of DPPH^•^ radical -- scavenging activity (%RSA - DPPH^•^) of sample was calculated as follows %RSA = (1- *A~C/~A~D~)* x 100, where *A~C~* is the absorbance of the solution when the sample was added at a particular level; *A~D~* is the absorbance of the original DPPH^•^ solution. The IC~50~ (half maximal inhibitory concentration) was calculated graphically, using a calibration curve in the linear range, by plotting the extract concentration *versus* the corresponding scavenging effect (I% inhibition percentage), at 30 min. The value of I% was calculated using the equation: I% = \[(*A~0~* -- *A~1~*) *A~0~*\] × 100, where *A~0~* is the absorbance of the control and *A~1~*, the absorbance in the presence of the extract.

### 2.6.3. FRAP assay {#sec0055}

The assay was performed according to the method described by [@bib0085], with some modifications. Briefly, the FRAP reagent is prepared by mixing 2.5 mL of FeCl~3~ (20 mmol L^−1^), 2.5 mL of a solution of TPTZ (10 mmol L^−1^) in 40 mmol L^−1^ HCl and 25 mL of 0.30 mol L^−1^ acetate buffer (pH 3.6). Sample aliquots (90 μL) were mixed with 270 μL of distilled water and 2.7 mL of FRAP reagent and incubated at 37 °C for 30 min, resulting in a final concentration of 10 μg mL^−1^ of extract. The absorbance of the reaction mixture was measured at 595 nm and a calibration curve was obtained, using Trolox (0.15--30 μmol L^−1^). The results are expressed as Trolox Equivalent Antioxidant Capacities (TEAC~FRAP~), in μmol of Trolox g^−1^ of dry extract.

### 2.6.4. Sun protection factor (SPF) {#sec0060}

The photoprotective capacity of the ethanolic extracts was determined according to the method described by [@bib0300]. Aliquots of the stock solution of the crude extract (0.1 g mL^−1^) were used in the preparation of the following concentrations: 0.2, 2, 5, 10 and 15 mg mL^−1^. These solutions were read in triplicate, in a spectrophotometer (MultiSpec--1501 UV--vis - Shimadzu, Japan), at the wavelength range of 290−320 nm with 5 nm increments. Ethanol was used as a blank. The SPF values of the ethanol extracts of *S. terebinthifolius* (STWFE and STPE) were calculated using Eq. [(1)](#eq0005){ref-type="disp-formula"}.$$SPF = CF.{\sum\limits_{290}^{320}{EE\left( \lambda \right).2.I\left( \lambda \right).Abs(\lambda)}}$$where *CF* is the correction factor (equal to 10); *EE* (λ) is the erythemal effect spectrum; *I* (λ) is the solar intensity spectrum and *Abs* (λ) is the absorbance of the solution at a wavelength (λ). The values of *EE* x *I* are constant and were determined, following [@bib0420].

### 2.6.5. HPLC analysis {#sec0065}

The identification of phenolic compounds was carried out, using a liquid chromatograph Shimadzu (VP series, Kyoto, Japan), a system controller (CBM-20A), a pump (LC-20AT vp) and a column oven (CTO-20A/C). The column used was a Shimadzu VP-ODS C18 column (250 L x4.6 mm), with an UV/vis detector (SPD-M20A) and a computer software (LC-solution). The reversed-phase HPLC analyses were adapted from [@bib0225]). The mobile phase was composed by 0.5 % acetic acid in purified water (solvent A), and acetonitrile (solvent B). The solvent gradient was programmed as: 0': 100 % A; 5': 85 % A; 10': 80 % A; 15': 70 % A; 20': 60 % A; 25': 50 % A; 30': 70 % A; 40': 85 % A; 41': stop. A flow rate of 1.0 mL min^−1^ and a column temperature of 36 °C. STPE and STWFE extracts were dissolved in the mobile phase (5 mg mL^−1^) and filtered through a 0.45 μm nylon membrane, prior to HPLC injection. The injection volume was 20 μL, using a detection wavelength of 280 nm. The phenolic compounds present in the extracts were identified by comparing the retention times (Rt) of the standards, as well as by co-injection of the samples with standards. The standards were dissolved in the mobile phase to reach a concentration of 0.5 mg mL^−1^. The phenolic standards were analysed using the same conditions of the extract.

2.7. Preparation of photoprotective formulations {#sec0070}
------------------------------------------------

STPE and STWFE extracts were solubilized in ethanol and incorporated into the Lanette base, with two concentrations 5 and 10 %. Likewise, formulations were prepared containing the chemical filter benzophenone, at 5%, for comparative purposes. Thus, five formulations were prepared and nominated, STPE = *Schinus terebinthifolius* Peel Extract; STWFE = *Schinus terebinthifolius* whole Fruit Extract; CSTPE5 (STPE incorporated to lanette cream in 5%); CSTPE10 (STPE incorportaed to lanette cream in 10 %); CSTWFE5 (STWFE incorporated to lanette cream in 5%), CSTWFE10 (STWFE incorporated to lanette cream in 10 %) and CB5 (benzophenone incorporated to lanette cream in 5 %).

### 2.7.1. In vitro sun protection factor (SPF) evaluation {#sec0075}

Aliquots of the stock solution of the formulations (0.1 g mL^−1^) were used in the preparation of the following concentrations: 0.2, 2, 5, 10 and 15 mg mL^−1^. The methodology used for the SPF measurements of formulations was the same as described for the crude extract (Section [2.6.4](#sec0060){ref-type="sec"}). The Lanette base was used as a blank. The analyses were performed in triplicate.

2.8. The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) cell viability assay {#sec0080}
------------------------------------------------------------------------------------------------

The MTT assay was used to verify possible cytotoxicity of the peel and the whole fruit extracts, on both placenta cell lines and placenta explants cultures. As such, placenta explants were weighted and plated in equal proportion to each well, and Vero E6 cells or HTR-8/SVneo cells were plated at 2.5 × 10^5^ cells and treated with the peel and the whole fruit extracts diluted in DMEM/F12 medium in different concentrations (0.01, 0.1, 1, 10, and 100 μg mL^−1^), and further cultured for 24 h. Since chloroquine diphosphate has been described as a potent anti-ZIKV drug ([@bib0165]; [@bib0285]; [@bib0440]), we tested if it would affect cell lines or explants viability in different concentrations based on [@bib0165]) (6.25, 12.5, 25, 50 and 100 μg mL^−1^), in order to use it, as a positive anti-ZIKV control, added 1 h after ZIKV incubation. The control group had no addition of extracts. The medium was replaced with a fresh culture medium containing 5 mg/mL of MTT and the supernatant was discarded after a 4 h incubation period at 37 °C, followed by the addition of 150 μL of DMSO. The absorbance of the dissolved MTT formazan product was spectrophotometrically measured at 540 nm. The viability percentage was determined in relation to the controls \[(absorbance of treated cells/absorbance of untreated cells) × 100\].

2.9. Zika virus (ZIKV) propagation and titration {#sec0085}
------------------------------------------------

Two stock strains of ZIKV were kindly donated by Dr. Juliano Bordignon, from Instituto Carlos Chagas of Fundação Oswaldo Cruz (ICC/FIOCRUZ-PR, Rio de Janeiro, Brazil): the MR766 strain (isolated in Uganda in 1947, third passage, stock titulation of 6.25 × 10^7^ FFU/mL, GenBank accession KX421193), and the PE243 strain (isolated in Pernambuco, Brazil in 2016, third passage, stock titulation of 1 × 10^8^ FFU/mL, GenBank accession MF352141.1). To perform viral propagation, both strains were cultured, in separate, in *Aedes albopictus* derived C6/36 cells with [l]{.smallcaps}-15 medium supplemented with 10 % SBF, 10 % tryptose and 1% PSA until 80 % confluence. Cell-free supernatants were harvested 5 days post infection (dpi), aliquoted and stored at −80 °C. Titration was performed after viral infection using green monkey kidney-derived Vero E6 cells cultured with supplemented DMEM for 1 h under gentle agitation. The media was changed and cells were incubated with 1.5 % carboxymethylcellulose (CMC) in DMEM with 2 % FBS at 1:1 (v/v). Plaque formation was observed at 5 dpi, after 10 % formalin fixation and 2 % violet crystal staining. Viral titration of MR766 strain was stocked at 5 × 10^5^ PFU/mL and PE243 at 3 × 10^5^ PFU/mL.

2.10. ZIKV infection of HTR-8/SVneo cells and treatment {#sec0090}
-------------------------------------------------------

Cells were plated at 3 × 10^5^ cells in 24 well plates for 24 h and received 100 μg mL^−1^ of STPE or STWFE extracts for 1 h. Afterwards, cells were infected with one multiplicity of infection (MOI) of MR766 or PE243 ZIKV strains for 1 h. Supernatant was removed and cells were thoroughly washed with PBS. New culture medium was added and cells were cultured for 24 h. Positive controls were performed with the addition of 100 μg mL^−1^ of chloroquine diphosphate to the cultures, after ZIKV incubation and culture medium change. As such, cultures after the medium change were nominated as 0 h and all time points afterwards have only the effects derived from the 1 h ZIKV incubation.

2.11. Cytopathic effect in HTR-8/SVneo cells {#sec0095}
--------------------------------------------

After ZIKV incubation and treatment, pictures were taken in an inverted optical microscope coupled with camera (Olympus, Japan) at 0 h, 2 h, 24 h and 48 h (200 × magnification), and images were analysed for morphological cytopathic effects.

2.12. Immunofluorescence and phalloidin staining {#sec0100}
------------------------------------------------

All culture groups were fixed with 4 % paraformaldehyde in PBS and permeabilized with 0.1 % Triton X-100 in PBS (v/v). Phalloidin-fluorescein (FITC) conjugated staining (1:100; Abcam, Cambridge, UK). Then, it was performed unspecific antigens blockade with 0.05 % fish skin gelatin (Merck/Sigma-Aldrich, Germany) in PBS for 1 h. It was followed by monoclonal primary mouse antibody anti-ZIKV NS1 (1:100, E107, MA5−24585, Invitrogen, UK) incubation with Zenon Alexa 594 conjugated secondary anti-mouse antibody (1:250; Thermo Fisher Scientific) for 5 min to form an immunocomplex, which was later incubated with Zenon Blocking Reagent (1:250; Thermo Fisher Scientific, Wathlam, MA, USA) for further 5 min at room temperature. The immunocomplex mixture was added to cells for 1 h at 37 °C. Nuclei were stained with 4′,6-diamidino-2-phenylindole (DAPI; 1:1000 in PBS; Merck/Sigma-Aldrich), and mounting was performed with PBS/glycerol (1:9, v/v) under glass slides. The results were visualized with a fluorescence microscope Nikon DS-Ri1 (Nikon, Japan) and images were acquired using the DP2-BSW software (Nikon).

2.13. Flow cytometry analysis of ZIKV infection {#sec0105}
-----------------------------------------------

To access the percentage of cells infected by ZIKV, cells were detached with 2.5 % trypsin-EDTA and fixation and permeabilization were performed using commercial flow cytometry kits (e-Bioscience, San Diego, CA, EUA). A monoclonal primary mouse antibody anti-ZIKV NS1 (1:100, E107, MA5-24585, Invitrogen) was incubated with Zenon Alexa 488 conjugated secondary anti-mouse antibody (1:250; Thermo Fisher Scientific) for 5 min to form an immunocomplex with further addition of Zenon Blocking Reagent for further 5 min. The immunocomplex was later incubated with cells for 1 h at 37 °C. The percentage of ZIKV infected cells was analysed with FACS CantoTM® II flow cytometer (BD Biosciences, San Jose, CA, USA), using the software FlowJo (TreeStar, Ashland, OR, USA).

2.14. Quantitative reverse transcription polymerase Chain reaction (qRT-PCR) {#sec0110}
----------------------------------------------------------------------------

The RNA viral load from cells' supernatants was extracted using PureLink™ Viral RNA/DNA Mini Kit (Invitrogen), following the manufacturer's instructions. The cDNA was synthesized and amplified using M-MLV Reverse Transcriptase (Invitrogen, Carlsbad, CA, USA). Next, ZIKV RNA copies were quantified using StepOnePlus™ Real-Time PCR System (Applied Biosystems, Life Technologies, Foster City, CA, USA). For each single-well amplification reaction, a threshold cycle (Ct) was evaluated in the exponential phase.The primers used were described by [@bib0270] (ZIKV 1086 and ZIKV 1162c).

2.15. Statistical analyses {#sec0115}
--------------------------

The assays were performed in triplicate for each sample and the results were expressed as mean and standard deviations. The statistical evaluation was determined by analysis of variance ANOVA with Geisser-Greenhouse correction, followed by Dunnett post test, at the level of significance of 95 %, using the software Graphpad Prism 8.3.0. All results are depicted as Mean ± SEM.

3. Results and discussion {#sec0120}
=========================

3.1. HPLC analysis {#sec0125}
------------------

HPLC technique has been widely used for the detection of phenolic compounds in plant extracts, due to their versatility and accuracy. In general, the phenolic compounds are analysed in an HPLC instrument, using reverse phase C18 columns, a diode arrangement detector (PDA), and acidified polar organic solvents. The composition profile of the phenolic compounds in *S. terebinthifolius* was analysed using HPLC. In both extracts it was possible to verify the presence of phenols as gallic and *p*-coumaric acids, catechin, epicatechin and resveratrol. The compounds were identified in the extract from the comparison of the retention time (Rt) ([Table 1](#tbl0005){ref-type="table"} ) and by co-injection of the correspondent phenolic standards (figure not shown).Table 1Phenolic standards and retention times (Rt/min) present in the extracts of STPE and STWFE.Table 1PeakPhenolic compoundRt/min1Gallic acid9.052Catechin12.913Epicatechin14.344*p*-Coumaric acid16.995Resveratrol22.19

Resveratrol was found for the first time in *S. terebinthifolius*. All these identified phenols had already their antioxidant and biological properties reported in the literature (see later). In addition, these compounds also present photoprotective characteristics, being able to act as active ingredient in sunscreen formulations ([@bib0360]; [@bib0475]; [@bib0105]; [@bib0035]).

STWFE extract presents the phenolic compounds gallic acid, catechin, epicatechin, *p*-coumaric acid and resveratrol, all of them already detected in STPE. However, the concentrations of these compounds were lower under the same analytical conditions.

Some authors have reported the presence of phenolic compounds in *S. terebinthifolius* by use of HPLC. [@bib0225] reported the presence of gallic acid and naringenin, in the ethyl acetate fraction of fruits, while [@bib0090] identified apigenin in the fruit peel's extract and [@bib0485], the presence of gallic acid, catechin, vanillic and coumaric acids, epicatechin, rutin, luteolin and kaempferol, in the extracts of fruits of *S. terebinthifolius* and *S. molle.*

Phytochemical studies performed with the leaf and fruit extracts of *S. terebinthifolius* revealed the presence of phenolic compounds, such as methyl gallate, gallic acid, quercetin, luteolin, catechin, epicatechin and naringin in their composition ([@bib0160]; [@bib0415]; [@bib0350]; [@bib0205], [@bib0210]; [@bib0225]; [@bib0485]; [@bib0230]).

3.2. Analyses of aqueous extracts in HTR-8/SVneo trophoblast cell line, in Vero E6 cells and placenta viability {#sec0130}
---------------------------------------------------------------------------------------------------------------

Firstly, the dry STWFE and STPE extracts were dissolved in aqueous solution and analysed in HTR-8/SVneo trophoblast cell line. Regarding the whole fruit aqueous extract, none of the concentrations altered cell viability ([Fig. 1](#fig0005){ref-type="fig"} B), the same occurring to chloroquine diphosphate-treated cells ([Fig. 1](#fig0005){ref-type="fig"}A). The aqueous peel extract slightly reduced cell viability, only at concentrations of 0.01 μg mL^−1^ and 100 μg mL^−1^ (0.01 μg mL^−1^, cell viability = 83.72 % ± 5.58 %, *p* \< 0.05; 100 μg mL^−1^ cell viability = 83.4 ± 6.64, *p* \< 0.05, when compared to Control group that was cultured only with DMEM/F12), whereas at 0.1 μg mL^−1^, 1 μg mL^−1^ and 10 μg mL^−1^, the extract unchanged cell viability ([Fig. 1](#fig0005){ref-type="fig"}C). Afterwards, we tested STWFE and STPE extracts in Vero E6 cell line, and no changes in cell viability were observed whatsoever ([Fig. 1](#fig0005){ref-type="fig"}D and E)Fig. 1Cellular viability under different concentrations of peel and whole fruit extracts. HTR-8/SVneo cells were treated with DMEM/F12 solution (Control), and with 0.01 μg mL^−1^, 0.1 μg mL^−1^, 1 μg mL^−1^, 10 μg mL^−1^ and 100 μg mL^−1^ chloroquine diphosphate (positive control) (A), whole fruit extract (STWFE) (B) and peel extract (STPE) (C). Vero E6 cells were treated with STFWE (D) and STFE (E) at the same concentrations. All different concentrations of whole fruit (STWE) aqueous extract have not altered trophoblast cell viability, the same occurring for both STFWE and STFE treatments in Vero E6 cells. The bar graphs represent the mean values ± S.E.M.; n = 3 in triplicate. \*, *p* \< 0.05.Fig. 1

Then, we analysed the aqueous extracts action on placental tissue explants culture. Both peel and whole fruit extracts, as well as chloroquine diphosphate in all different concentrations analysed were unable to change cell viability ([Fig. 2](#fig0010){ref-type="fig"} A--C), indicating that they are not cytotoxic to placental chorionic villi.Fig. 2Placental tissue explants viability under different concentrations of peel and whole fruit extracts. Placental explants were treated with DMEM/F12 solution (Control), and with 0.01 μg mL^−1^, 0.1 μg mL^−1^, 1 μg mL^−1^, 10 μg mL^−1^ and 100 μg mL^-1^ of whole fruit extract (STWFE) (B) and peel extract (STPE) (C). None of the different concentrations of the studied extracts or chloroquine diphosphate reduced placental tissue explants viability. The bar graphs represent the mean values ± S.E.M.; n = 3, in triplicate.Fig. 2

3.3. Analyses of ZIKV cytopathic effects on HTR-8/SVneo cells {#sec0135}
-------------------------------------------------------------

Cytopathic effects are morphological/structural changes observed in host cells caused by viral invasion. These effects can range from cytoplasmic inclusion bodies to total cell destruction. Herein, we observed cell morphology from 0 h to 48 h after ZIKV MR766 infection and with association to the treatments with chloroquine diphospate, and STWFE and STPE extracts ([Fig. 3](#fig0015){ref-type="fig"} A). After 2 h we observed the formation of scarce syncytium in the MR766 group, while none was observed in all the treament groups. Also in the MR766 group, from 24 to 48 h, we observed an incidence in cell destruction and possible apoptotic bodies, more present at 48 h. Nevertheless, we also observed the same effects in all other groups, although in lesser amounts ([Fig. 3](#fig0015){ref-type="fig"}A).Fig. 3Cytophatic effects on HTR-8/SVneo cells. Live cell images were acquired at 0 h, 2 h, 24 h and 48 h after ZIKV MR766 strain incubation. Tratments were made with DMEM/F12 solution (Control), and with 100 μg mL^−1^ of chloroquine diphosphate 1 h after viral incubation or 10 μg mL^-1^ of whole fruit extract (STWFE) or peel extract (STPE) 1 h prior viral incubation. Arrow indentifies syncytium formation (A). Phalloidin staining (green) of polymerized F-actin, immnulocalization of ZIKV NS1 protein (red) and nuclei staining (blue) of HTR-8/SVneo cells control or infected with ZIKV MT766 or PE243 strains, after 2 h and 24 h incubation, showing reduced cellular confluence and shrinking cytoplasm of infected cells after 24 h infection with MR766 strain, and cell destruction with extracellular DNA and NS1 proteins after 24 h infection with PE243 strain. Inset demonstrates severe cellular degeneration (B). Scale bars in A represent 400 μm for 100 × magnifications. Scale bars in B represent 100 μm for 400 × magnifications and in the inset represents 50 μm for 1000 × magnification.Fig. 3

To evaluate cellular alterations with more detail and to analyse how these trophoblast cells were affected morphologically, we stained cells for phalloidin to observe F-actin polymerization detailing cytoplasm limits, filipodia and stress fibers formation, together with the immunolocalization of ZIKV NS1 protein. Control cells presented large cytoplasms with cellular extensions, with more intensity after 24 h culture, possibly due to increased F-actin polymerization, with the formation of stress fibers, also with a number of cells in different stages of mitosis ([Fig. 3](#fig0015){ref-type="fig"}B). Nevertheless, cells infected after 2 h with MR766 strain already presented NS1 protein positivity inside some cells, with no observed cytopathic effects, although cells appear to have brighter phalloidin staining in comparison to control, with more stress fibers and F-actin aggregates in protusion tips, indicating focal adhesion points ([Fig. 3](#fig0015){ref-type="fig"}B). After 24 h, around 60 % of cells had massive positivity for ZIKV NS1 protein, more pronounced in the endoplasmic reticulum area, although visible in other compartments and the tips of filopodia. Also interesting to observe, the cellular confluence was reduced in comparison to control and infected cells had smaller area of cytoplasm with more condensed and smaller nuclei, the first cytopathic effects we observed with MR766 strain in these cells. Regarding the PE243 strain, after 2 h, we have also observed few cells positive for ZIKV NS1 protein, and some adhered to the cell membranes, with the presence of some atypic mitosis figures, which had viral particles in the cytoplasm. After 24 h, around 40 % of cells were positive for ZIKV NS1 protein, and we no longer observed mitosis. However, we did observed several clusters of extracellular DNA mixed with NS1 proteins, and cytoplasm small pieces scattered, indicating total cell rupture. Apoptotic bodies were also observed and, when cells were infected, but still preserved their structures, NS1 protein was more located perinuclearly, close to the endoplasmic reticulum ([Fig. 3](#fig0015){ref-type="fig"}B). Also important to highlight the increased amount of cells without cytoplasm or with scarce cytoplasm residues, greatly stained for NS1 ZIKV protein ([Fig. 3](#fig0015){ref-type="fig"}B inset), indicating that in only 24 h, the PE243 strain at MOI 1 induced more pronounced cytopathic effects in comparison to the MR766 strain.

3.4. Viral load qRT-PCR analyses {#sec0140}
--------------------------------

HTR-8/SVneo cells were plated at 1 × 10^6^ cells per well and treated as described before, with only 1 h of ZIKV incubation, culture medium removal and PBS washes with the addition of new medium. After 24 h, the MR766 strain had an average viral load of 0.929 × 10^5^ PFU/μL (± 0.399 × 10^5^ PFU/μL), and both treatments were not statistically significant in reducing the viral load, although a clear tendency could be observed, as treatment with STWFE reduced to 0.234 × 10^5^ PFU/μL (± 0.086 × 10^5^ PFU/μL), and with STPE to 0.223 × 10^5^ PFU/μL (± 0.033 × 10^5^ PFU/μL) ([Fig. 4](#fig0020){ref-type="fig"} A). Nevertheless, the PE243 strain had an average of 7.901 × 10^5^ PFU/μL (± 4.505 × 10^5^ PFU/μL), and a remarkable reduction of viral load, as treatment with STWFE reduced to 0.519 × 10^5^ PFU/μL (± 0.052 × 10^5^ PFU/μL, *p* = 0.0074), and with STPE to 0.579 × 10^5^ PFU/μL (± 0.025 × 10^5^ PFU/μL; *p* \< 0.05) ([Fig. 4](#fig0020){ref-type="fig"}B). As such, both treatments seem to consistently reduce the viral load at least for the PE243 strain.Fig. 4Quantitative RT-PCR analyses of ZIKV viral load after HTR-8/SVneo cells infection and treatments efficiency. fter ZIKV MR766 strain incubation. Tratments were made with DMEM/F12 solution (Control), and with 10 μg mL^−1^ of whole fruit extract (STWFE) or peel extract (STPE) 1 h prior viral incubation for MR766 strain (A) or PE243 strain (B) of 1 MOI for 1 h. After culture medium renewal, cells were left for 24 h and their supernatants were analysed to observe ZIKV viral load. As such, we had higher viral load in the PE243 strain group, with great reduction of in the groups treated with STFWE or STPE. The bar graphs represent the mean values ± S.E.M.; n = 3.Fig. 4

3.5. Flow cytometry analysis on ZIKV infection of HTR-8/SVneo cells {#sec0145}
-------------------------------------------------------------------

Since both extracts are well tolerated by trophoblast cells and chorionic villi explants, we tested whether treatments of 100 μg mL^−1^ chloroquine diphosphate, or 100 μg mL^−1^ of STWF aqueous extract or peel (STP) aqueous extract 1 h prior to ZIKV infection with 1 MOI of MR766 or PE243 strains would prevent and reduce ZIKV infection of trophoblast cells. As such, the MR766 strain infected an average of 69.81 % (± 4.19 %) of cells in the control group ([Fig. 5](#fig0025){ref-type="fig"} A--D). Regarding treatments, the chloroquine diphosphate group had 43.2 % (± 5.96 %), the whole fruit group had 47.53 % (± 2.14 %) and the peel group had 41.9 % (± 6.31 %) infected cells, meaning that all different treatments had similar effects, substantially reducing ZIKV infected cells (n = 6, respectively *p* = 0.0226, *p* = 0.0194 and *p* = 0.0447 in comparison to MR766 ZIKV group) ([Fig. 5](#fig0025){ref-type="fig"}A--D).Fig. 5Flow cytometry analysis on whole fruit extract treatment on ZIKV placenta infection. HTR-8/SVneo cells were pre-treated with 100 μg mL^−1^ of chloroquine diphosphate or 10 μg mL^-1^ of whole fruit extract or peel extract for 1 h, and further infected with MR766 (A and D) or PE243 (B and D) ZIKV strains. Cellular gate for size and granularity of HTR-8/SVneo cells is depicted in C. In D, first line depicts MR766 strain infection and second line PE243 infection, both with negative controls (C-), ZIKV group, chloroquine diphosphate + ZIKV, whole fruit + ZIKV and peel + ZIKV. The treatments were able to prevent infection of both strains of ZIKV in trophoblast cells (A, B and D). Experiments were performed in n = 6.Fig. 5

The PE243 strain infected an average of 78.89 % (± 2.03 %) in the control group ([Fig. 5](#fig0025){ref-type="fig"}B--D). The chloroquine diphosphate group had 25.58 % (± 2.62 %), the whole fruit (STWF) group had 44.65 % (± 7.9 %) and the peel (STP) group had 51.65 % (± 5.84 %) infected cells. As such, all treatments also reduced ZIKV infection of trophoblast cells, although chloroquine diphosphate was more efficient (n = 6, respectively *p* \< 0.0001, *p* = 0.023 and *p* = 0.0178 in comparison to PE243 ZIKV group) ([Fig. 5](#fig0025){ref-type="fig"}B and D).

Inhibiting ZIKV infection of trophoblast cells and its crossing of the placental barrier would be remarkable to prevent ZIKV deleterious effects to the developing fetus. Some natural products have already been described to inhibit ZIKV infection or its replication in different cell types. In addition to the promising extracts from *S. terebinthifolius* Raddi, we have used the antimalarial chloroquine diphosphate as a positive control of antiviral activity, as it has been described by different sources ([@bib0165]; [@bib0285]; [@bib0440]; [@bib0260]). Other active plants have been already described, such as *Doratoxylon apetalum*, an indigenous medicinal plant from Mascarene Island, which inhibited Zika and Dengue virus infection in leukocytes ([@bib0240]). One polyphenol present in large amounts in the green tea, (−)-epigallocatechin gallate (EGCG), has been also described as a potent antiviral molecule, able to inhibit ZIKV entry in Vero E6 cells ([@bib0115]). Delphinidin (D) and epigallocatechin gallate (EGCG)\] were shown to inhibit more effectively the virus production, on flaviviruses West Nile Virus infection ([@bib0505]). Curcumin and suramin can also inhibit ZIKV infection on different cells ([@bib0510]; [@bib0320]) and other compounds such as GSK126, nanchangmycin, obatoclax, pentagalloylglucose, saliphenylhalamide (SaliPhe) and 25-hydroxycholesterol have been also described to inhibit ZIKV endocytosis or entry in different models ([@bib0460]). Nevertheless, it is important to highlight that our study is pioneer in showing antiviral candidates against ZIKV infection with action in trophoblast cells, without cellular toxicity.

3.6. Total phenolic content and antioxidant capacity {#sec0150}
----------------------------------------------------

Phenolic compounds are known as naturally occurring antioxidants and are widely distributed in plants. Several assays have been applied to evaluate antioxidant activity of the fruit, peel, seed and pulp extracts of different plants and agroindustrial residues ([@bib0335]). In the present work, the total phenolic content (TPC) was determined using the FC reagent and antioxidant capacity by DPPH^•^ and FRAP methods.

[Table 2](#tbl0010){ref-type="table"} shows the results of TPC, DPPH^•^ and FRAP obtained with STPE and STWFE extracts, with TPC values of 452 and 73.6 mg g^−1^ dry extract, respectively.Table 2Total phenolic content (TPC), DPPH^•^ (RSA % and IC~50~) and FRAP of ethanolic extracts of peel and whole fruit of *Schinus terebinthifolius* Raddi.Table 2ExtractsTPC (mg GAE[\*](#tblfn0005){ref-type="table-fn"} g^−1^ dry extract)DPPH^•^FRAP (TEAC[\*\*\*](#tblfn0015){ref-type="table-fn"}~FRAP~ μmol TE g^−1^)RSA %[\*\*](#tblfn0010){ref-type="table-fn"}IC~50~ (μg mL^−1^)STPE452.5 ± 10.278.4 ± 0.96.1 ± 0.43484.7 ± 255.5STWFE73.6 ± 10.424.1 ± 0.5--488.6 ± 81.1[^1][^2][^3][^4]

Some works report that fruit peels and seeds present higher amounts of total phenols and antioxidant activity compared to the edible portions ([@bib0340]). Concerning *Punica granatum*, [@bib0280] found 249.4 mg g^−1^ dry extract for peel and 24.7 mg g^−1^ dry extract for pulp.

Several factors such as climatic conditions, cultivation regions and extraction methods may influence the results of TPC ([@bib0335]). [@bib0140] reported the effects of the extraction processes (Soxhlet extraction and maceration) on TPC for fruit extracts of *S. terebinthifolius,* with a variation of 5−110 mg g^−1^ dry extract. According to the studies of [@bib0485], extracts of the fruits of *S. terebenthifolius* from two localities in Tunisia were analysed by the FC reagent method and presented 35.23 and 32.39 mg g^−1^ dry extract, being these values much lower than the values obtained in the present work.

For the DPPH^•^ method, STWFE and STPE extracts exhibited RSA of 24.1 and 78.4 %, respectively ([Table 2](#tbl0010){ref-type="table"}).

[@bib0155], analysed the aqueous and ethanolic extracts of fruits of *S. terebenthifolius*, and found RSA values of 25 % and 53 %, respectively. These values are below the value obtained for STPE and superior to the values of STWFE. However, our results are inferior to the results obtained by [@bib0350] with 83.33 % for the methanolic extract of fruit of *S. terebinthifolius.* In relation to the concentration required to reduce the DPPH^•^ by 50 %, the STPE extract showed an IC~50~ value of 6.1 μg mL^−1^, while the STWFE extract did not reach 50 % inhibition at the studied concentrations. The obtained value is in agreement with the literature. [@bib0090], found IC~50~ value \< 10 μg mL^−1^ for the methanolic extract of the fruit's peel of *S. terebinthifolius*. For the FRAP method, values of 488.6 and 3484.7 μmol TE g^−1^ were obtained for STWFE and STPE extracts, respectively ([Table 2](#tbl0010){ref-type="table"}). The higher ferric reducing power exhibited by the peel extract can be attributed to its higher phenolic content. Along this line, [@bib0040] evaluated the methanolic extracts of different parts of *Punica granatum* L. (peel, pulp, seeds and whole fruits). The peel extract exhibited the highest ferric reducing capacity. According to the authors, the higher antioxidant capacity exhibited by extract may be due to the presence of the phenolic compounds chlorogenic acid, rutin, coumaric acid and pyrogallol.

In summary, STPE extract has shown the best results in all antioxidant assays.

3.7. Analyses of crude extract and formulations towards photoprotection {#sec0155}
-----------------------------------------------------------------------

### 3.7.1. In vitro sun protection factor (SPF) of the crude extracts and formulations {#sec0160}

The extracts of *S. terebinthifolius* and respective formulations presented photoprotective potential, evaluated through the method developed by [@bib0300]. SPF values ([Table 3](#tbl0015){ref-type="table"} ) determined for the extracts and formulations as a function of the concentration and percentages of extract incorporated into the base cream are listed. They were compared to the results obtained with the standard benzophenone-3. It was observed that SPF values of peel and whole fruit extracts ranged from 20.15--26.82 and 5.08--16.41, respectively. For the STPE formulations, the values of SPF varied from 1.25--32.40 and for STWFE formulations ranged from 0.52 to 41.58. The formulations with benzophenone-3 ranged from 9.76 to 35.90.Table 3Sun protection factor of crude extracts and formulations.Table 3Concentration (mg mL^−1^)Formulation0.2251015STPE24.84 ± 0.76^a^26.82 ± 1.15^b^23.80 ± 0.94^b^21.72 ± 0.71^b^20.15 ± 0.53^b^CSTPE51.25 ± 0.56^d^15.38 ± 0.53^c^28.36 ± 2.50 ^a,\ b^32.21 ± 2.32^a^31.89 ± 2.40^a^CSTPE102.70 ± 0.35^d^25.37 ± 1.47^b^32.40 ± 2.44^a^31.67 ± 1.93^a^29.67 ± 2.45^a^STWFE5.08 ± 0.49^c^16.41 ± 1.33^c^14.86 ± 0.70^c^13.14 ± 0.48^c^11.50 ± 0.37^c^CSTWFE50.52 ± 0.02^e^2.35 ± 0.07^d^5.60 ± 0.08^d^11.36 ± 0.32^c^17.40 ± 2.65^b^CSTWFE100.24 ± 0.08^e^5.86 ± 0.08^d^14.89 ± 0.13^c^31.25 ± 0.21^a^31.58 ± 0.30^a^CB59.76 ± 1.24^b^33.09 ± 2.69^a^35.90 ± 0.90^a^33.73 ± 0.21^a^28.31 ± 3.61^a^[^5]

According to the Resolution of the Collegiate Board of Directors of June, the 30th, 2012, determined by the Brazilian Regulatory Agency (ANVISA), only FPS ≥ 6 is considered suitable for use in photoprotective formulations ([@bib0055]).

In the present study, SPF values varied according to the concentration, where, the decrease of concentration results in the increase of the SPF. However, when saturation levels are reached, the SPF values kept constant ([@bib0380]). The extracts and formulations had shown satisfactory SPF values, being higher than the value established by ANVISA. In addition, they can be compared with the SPF values of benzophenone-3. By statistical analysis, it was possible to observe that CSTPE5 and CSTPE10 showed values very close to the benzophenone-3 at 5 mg mL^−1^ dilution, similarly to CSTWFE10 at 10 mg mL^−1^ dilution. In this study, it was possible to observe STPE and its formulations presented values of SPF higher than the values found for STWFE, with saturation levels of UVB radiation absorption at around 2 mg mL^−1^. The potential photoprotection exhibited by the extracts can be attributed to the presence of phenolic compounds in the samples, as shown in topic 3.6.

Recent studies have demonstrated the photoprotective potential of natural active principles such as plant extracts, which, due to their chemical composition, most often present bioactive constituents such as phenolic compounds, in particular flavonoids, which exert antioxidant action, neutralizing the actions of free radicals and inhibiting oxidation processes. In addition, these compounds possess the ability to absorb UV radiation ([@bib0410]; [@bib0150]). Extracts of leaves of *S. terebinthifolius* have been studied in relation to their photoprotective potential. [@bib0105], analysed the *in vitro* photoprotective potential and the *in vivo* percutaneous penetration of the hydroethanolic extracts and leaf formulations of *S. terebinthifolius*. The methanolic solutions of extracts at 10 and 25 % (w/v) presented UV absorption with UVB photoprotective potential, with SPF values of 2.40 and 6.89, respectively. Spectroscopic measurements confirmed absorption in the UV region and the topical application of the formulations did not cause histological changes in the skin of the mice.

Other plant species also showed photoprotective action. [@bib0330] demonstrated that the ethanolic extracts of the leaves and barks of *Amburana cearenses* and *Curatella americana* presented values of SPF of 12.60--14.74, at concentration of 0.2 mg mL^−1^, below the SPF value found for the present peel extract, at the same concentration (24.84 ± 0.76, [Table 3](#tbl0015){ref-type="table"}), and the ethanolic extract of *Camellia sinensis* ([@bib0265]), which presented a value of SPF 18.10 ± 0.05 at the same concentration. [@bib0445] investigated the crude peptone extract of *Spondias purpurea* at 10 mg mL^-1^ and obtained SPF values of the formulations prepared, with the extracts in 10, 20 and 30 % of 4.13, 7.82 and 13.99, respectively, inferior to the present data ([Table 3](#tbl0015){ref-type="table"}).

Considering [Table 1](#tbl0005){ref-type="table"}, [Table 2](#tbl0010){ref-type="table"}, [Table 3](#tbl0015){ref-type="table"} and the results against ZIKV infection, we searched biological activities of the chemical constituents of both extracts. The results are presented in [Table 4](#tbl0020){ref-type="table"} , with special emphasis on antiviral and anti-aging activities.Table 4Reported biological activities of the natural compounds present in the ethanolic extract of *Schinus terebenthifolius.*Table 4CompoundActivityReferencesGallic acidAntitumoral([@bib0500])Antidiabetic and cardioprotective([@bib0495])Antimicrobial, anticancer and against gastrointestinal, cardiovascular, neuropsychological and metabolic diseases([@bib0255])Antioxidant, anticancer, anti-inflammatory, antimicrobial, antimelanogenic, and anti-allergic and **antiviral** (showed inhibition of replication of human immunodeficiency virus type 1 (HIV-1) and herpes simplex virus type 1 and 2 (HSV))([@bib0070])Antimicrobial and **antiviral** (evaluated against HSV-1 viruses as a representative of DNA viruses and PI-3 as a representative of RNA viruses, with significant activity)([@bib0345])**Antiviral** (fraction of *Rubus coreanus* seed extract and its gallic acid derivative were evaluated against strains of influenza A and B. Both showed potential and broad antiviral activity.([@bib0275])CatechinAntimicrobial and **antiviral** (showed inhibition against Herpes simplex virus type 1 (HSV-1)([@bib0325])Anti-oxidant, antitumor, antibacterial, antifungal, antidiabetic, anti-inflammatory, antiproliferative and antitumor([@bib0135])Antioxidant, **UV protective**, anti-allergenic, anti-inflammatory, anti-microbial, anti-viral and anti-cancer([@bib0075])Antiviral (showed inhibition against pandemic influenza A (H1N1)([@bib0520])EpicatechinAntiviral (showed inhibitory effect against Mayaro (MAYV) virus and other alphavirus viruses([@bib0200])Antinociceptive and anti-inflammatory([@bib0170])Antibacterial([@bib0190])Antidiabetic([@bib0245])Anti-infective([@bib0465])Anti-oxidant, antimicrobial, anti-inflammatory, antitumor, antidiabetic, anticancer and cardioprotective([@bib0370])Antioxidant and anticollagenase (showed a high inhibitory power against the collagenase enzyme, responsible for the degradation of matrix collagen and the photo-aging process.([@bib0220])UV protection([@bib0375])Coumaric acidAnti-oxidant and antihyperlipidemic([@bib0435])Anti-inflammatory([@bib0405])Cytotoxic and leishmanicidal([@bib0060])Antioxidant, antimelanogenic, antimicrobial([@bib0095])Antioxidant, antimicrobial, antimutagenesis, anticancer and antiviral (inhibition against the hepatitis C virus)([@bib0355])Antioxidant and anti-aging (showed inhibitory activity against the enzymes elastase, collagenase and hyaluronidase)([@bib0515])ResveratrolAntioxidant, antifungal and anti-staphylococcal([@bib0180])Anti-inflammatory, antioxidant, anti hyperlipidemic, immunomodulator, anticarcinogenic, cardioprotective, vasorelaxant, and neuroprotective([@bib0430])Antiviral (showed MERS-CoV infection and prolonged cellular survival after virus infection, in addition, decreased the expression of the nucleocapsid (N) protein essential for the duplication of the virus.([@bib0290])Antiviral (exerted antiviral effects against Zika virus (ZIKV) replication in a dose-dependent manner)([@bib0315])UV protective (inhibited UVB-induced apoptosis by promoting HSP27 expression)([@bib0525])

The investigation of the mechanism of antiviral action is very complex ([@bib0250]; [@bib0145]; [@bib0390]), is under way and is not possible to define, at the time being. Antiviral drug analysis has as main targets viral or cellular proteins or the search of broader activity spectrum, with less chance of resistance development.

Among the chemical constituents analysed, resveratrol was shown to exhibit direct virucidal activity against ZIKV, with anti-ZIKV replication properties ([@bib0315]). In relation to the replication of herpes simplex virus (HSV), it was shown that it reduces mRNA of glycoprotein C and HSV late gene. In the studies by [@bib0195]), the authors observed how resveratrol negatively alters a host factor, NF-B, in HSV infected cells resulting in inhibition of virus replication, the impairment of activation of essential immediate-early, early and late genes and the inhibition of DNA synthesis.

4. Conclusions {#sec0165}
==============

Up to our knowledge, no studies have been so far conducted showing a natural product with absent or low cytotoxicity to the placenta and with such a good potential of inhibition of ZIKV entrance in trophoblast cells. As such, our study is pioneer as we show not only STPE and STWFE extracts are well-tolerated by trophoblast cells and placental tissue explants, but also both extracts successfully inhibited ZIKV entry in trophoblast cells, presenting a potential early antiviral effect. Since the extracts presented such similar response to inhibiting ZIKV infection, we must now search for molecules present in both extracts to identify which one(s) would be responsible for such promising effect. As such, present data represent a potential hope in a scarce therapeutical field of such sensible and neglected populations of pregnant women.

Additionally, it is also the first to report the photoprotective potential of the peel and whole fruit of this species. The formulations incorporated with low concentrations of the extracts presented values of SPF equivalent to the standard benzophenone-3, used in the production of commercial sunscreens. The present activities may be related to the presence of the phenolic compounds gallic acid, catechin, epicatechin, *p*-coumaric acid and resveratrol, the last one, being described for the first time in this species. As such, STPE and STWFE can be considered active ingredients in the preparation of photoprotective formulations. Further studies are required, including biological tests *in vivo*, definition of the mechanism of antiviral activities, among others, to ensure a cosmetic/medicinal application with quality, safety and efficacy.

Possible applications of this material for the development of biotechnological/medical products are expected, with consequent aggregated value to a product from family farming.
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[^1]: STPE *= Schinus terebinthifolius* Peel Extract; STWFE = *Schinus terebinthifolius* whole Fruit Extract.

[^2]: Gallic acid equivalents.

[^3]: Percentage of DPPH^•^ radical-scavenging ability in 30 min.

[^4]: Trolox equivalent antioxidant capacity.

[^5]: STPE = *Schinus terebinthifolius* Peel Extract; STWFE = *Schinus terebinthifolius* whole Fruit Extract; CSTPE5 (STPE incorporated to lanette cream in 5%); CSTPE10 (STPE incorportaed to lanette cream in 10 %); CSTWFE5 (STWFE incorporated to lanette cream in 5%), CSTWFE10 (STWFE incorporated to lanette cream in 10 %); CB5 (benzophenone incorporated to lanette cream in 5%). Results expressed as mean ± standard deviation. The level of significance was *p* \< 0.05. Tukey: equal letters represent statistically similar values for the same concentration.
